Abstract. An adult male Macacafascicularis monkey developed toxic epidermal necrolysis after ingestion of methylmercury. The clinical picture was characterized by the development of large cutaneous bullae with subsequent full-thickness epidermal exfoliation. Areas of sparse pelage were most affected, with the most severe exfoliation occurring on the palms, soles, face and ears. Erosions also developed within the oral mucosa and conjunctivae.
Toxic epidermal necrolysis is a severe, often fatal, disease of man characterized by epidermal exfoliation. The first adult cases were described in 1956 [10] [11] [12] , although a clinically similar disorder of young children (dermatitis exfoliativa neonatorum) was described in 1878 [16] . The disease in young children has been shown to be associated with infections by phage group 2 staphylococci and is now generally referred to as the staphylococcal scalded skin syndrome, although the term staphylococcal toxic epidermal necrolysis is also sometimes used. The implicated staphylococci have been shown to elaborate an epidermolytic toxin (exfoliatin) which acts on as yet unidentified extracellular sites to cause epidermal cell separation [7, 13] .
Histologically, this separation is high in the malpighian layer [1] .
The term toxic epidermal necrolysis is now generally restricted to the disease seen in older children and adults. While some of these cases are idiopathic, most appear to be related to exposure to drugs. Some cases follow vaccination [2] , and one case has been reported as a result of a graft versus host reaction [IS] . Toxic epidermal necrolysis is characterized by subepidermal cleavage, while separation in staphylococcal scalded skin syndrome is intraepidermal [I] .
Early lesions of toxic epidermal necrolysis are characterized histologically by vacuolar degeneration (intracytoplasmic vacuolization as well as cell separation) within the epidermal basal cell layer and degeneration of epidermal cells (necrotic keratinocytes) within the malpighian layer. A superficial perivascular dermatitis is also present, but may be mild in areas where the epidermis is still intact. The lesions of toxic epidermal necrolysis appear the same histologically as do the vesicular and bullous lesions of erythema multiforme, a symptom complex of multifactorial cause characterized by a variety of cutaneous lesions. Lesions of erythema multiforme and of toxic epidermal necrolysis may be seen in the same patient [14] , and it is therefore possible that toxic epidermal necrolysis may represent an extreme manifestation of erythema multiforme. Stevens-Johnson disease is a particularly severe form of erythema multiforme characterized by severe mucous membrane, as well as dermal involvement [3] .
While the cause of toxic epidermal necrolysis is poorly understood, its association with exposure to drugs or chemicals implies an immunologic mechanism. Direct immunofluorescence tests have demonstrated intercellular deposits of both immunoglobulin and complement within the stratum basalis of skin lesions from patients with drug-induced toxic epidermal necrolysis [18] and with bullous fixed drug eruption [17] . Indirect tests, in both conditions, were negative. The positive direct tests may indicate a sensitization of the patient to an area of epidermis altered by drug attachment, with epidermal degeneration occurring as a result of secondary antibody binding and complement fixation [18] . While the staphylococcal scalded skin syndrome may be induced experimentally in mice by administration of exfoliatin [6, 7, 13] , we have found no reported spontaneous cases of toxic epidermal necrolysis in animals.
Case History
An adult male Macaca[ascicularis monkey was part of a research program for studying the electrophysiologic change induced in the visual cortex by methylmercury. The monkey had two stainless steel access cylinders affixed to the outer surface of his skull with dental acrylic and stainless steel screws, and plastic caps covered these cylinders ( fig. 1,2) . At first examination, the monkey had received methylmercury in food at a ratio of 0.5 mg mercury/kg body weight once every 3 days for a total of five doses. Eighteen days before this examination, blood mercury was 1.3 p.g/ g, and it was estimated to be about 2p.g/g at the time of examination. While 2p.g/g has been, in our experience, an approximate threshold for methylmercury neurotoxicity in the monkey, the latent period for development of this is usually at least 2 months.
A physical examination had been requested on the monkey because of reported lethargy and conjunctivitis. In addition to inflamed conjunctivae and mucopurulent ocular discharges, the monkey had a diffuse erythematous eruption over his face, arms and trunk, as well as necrosis of the tips of his ears. He was immediately started on chloramphenicol by intravenous injection, and this was continued orally twice daily for the duration of the clinical course. Fearing that the erythematous eruption might represent a severe viral exanthem, no anti-inflammatory agents were used initially. On the second clinical day, large bullae were evident beneath the epidermis of the palms, and similar bullae were noted beneath the plantar epithelia on day 3. By this time, exfoliation of the volar epithelia had begun and was nearly complete by day 4.
Exfoliation of the plantar epithelia began on day 5 ( fig. 1-3) , and ulcers developed on the face and buccal mucosa. Epithelial erosions were more prominent on areas of skin with relatively sparse pelage (undersurface of tail, scrotum, abdomen, face). In spite of supportive replacement fluids (intravenous lactated Ringer's solution) and forced feeding of a high caloric and protein liquid diet, the monkey died on the morning of the 6th clinical day.
Materials and Methods
All tissue taken at necropsy was fixed in 10% neutral buffered formalin, processed by standard techniques for paraffin embedment and sectioned at 5 micrometers. Sections from two fresh frozen pieces of skin, as well as three trypsin treated sections from paraffin embedded skin, were examined by direct immunofluorescence techniques for IgG, IgM and C 3 within the tissue. In all cases, skin with lesions rather than normal skin was examined. Standard immunofluorescence techniques with fluoresceinated goat anti-human IgG, IgM and C3 (Hyland Laboratories, Costa Mesa, Calif.) were used on the frozen tissue. The paraffm sections were digested with trypsin, by the method of Huang (8) .
Results
Significant gross and microscopic lesions were limited to the skin, gingiva, tongue and conjunctivae. Microscopically, the earlier lesions of skin and mucous membrane were characterized by a superficial perivascular dermal infiltrate of lymphocytes and scattered polymorphonuclear leukocytes. Prominent vacuolar degeneration was evident within the basal epithelial layer and was characterized by intracytoplasmic vacuolization, as well as cell separation. Necrotic keratinocytes were within the overlying stratum malpighii (fig. 4) . Advanced lesions were characterized by fullthickness epidermal necrosis ( fig. 5 ) and a more prominent infiltrate of polymorpho- nuclear leukocytes within the exposed dermis. While occasional clefts were evident within the stratum malpighii ( fig. 6 ), the predominent epidermal separation was along the basement membrane.
All but one of the five sections examined for immunofluorescence were negative on the direct test. Within the fifth section, there. was a linear deposit of IgO, IgM and C 3 along the basement membrane zone of a section of lip ( fig. 7 ).
Discussion
We have been unable to find a specific case report of toxic epidermal necrolysis in man associated with exposure to either organic or inorganic mercurials; however, mercury compounds generally are recognized to be capable of eliciting hypersensitive skin reactions such as erythema, urticaria and erythema multiforme, as well as acrodynia (Pink Disease) [9] . There is a recent case report of panarteritis nodosa associated with chronic handling of mercury amalgam (19] . One toxic epidermal necrolysis patient had received a series of gold injections before development of disease (12] , and it would not be presumptuous, therefore, to consider that inorganic mercury also could precipitate toxic epidermal necrolysis under the right conditions.
There are two reports of skin manifestations associated with accidental alkymercurial ingestion by human patients. In one series of 21 patients exposed to ethyl mercury p-toluene sulfonanilide, seven had cutaneous manifestations such as skin pigmentary changes with scaling, "exfoliation", or erythematous rashes [4] . In another series of 66 patients with chronic methylmercury poisoning, four had similar cutaneous lesions [5] .
The linear pattern of fluorescence seen along the dermal-epidermal junction in figure 7 is ofinterest because the exfoliative cleavage is seen at this level. Nevertheless, reports on patterns of immunofluorescence in drug associated epidermal exfoliation in man describe intercellular rather than basement membrane deposition of immunoglobulins and complement [17, 18] .
Cases of toxic epidermal necrolysis, severe erythema multiforme, or of StevensJohnson disease apparently are rare in nonhuman species. While this case might well be classified as idiopathic, its association with methylmercury exposure is of interest.
No skin lesions have been noted in any other animals within a group of several dozen monkeys exposed to methylmercury for periods of one month to several years.
